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4. 1 . V a ria tio n s in th e p ro p o rtio n of g ro u p s of p la n ts in th e ro e d e e r's d ie t o v e r th e y e a rly c y c l e . 2 . V a ria tio n s in th e n u m b e r s of lig n e o u s a n d h e r b p la n t sp e c ie s in th e ro e d e e r's d ie t o v e r th e y e a rly cy cle , 100 4. 3 . C o m p o sitio n o f th e r o e d e e r's d ie t o v e r th e y e a rly cy cle , . . . 102 4. 4 . D e sc rip tio n of th e fe e d in g h a b its of ro e d e e r on so m e lig n e o u s sp ecies h e rb s , g ra s se s a n d sed g es, a n d o n f u n g i . 
IN T R O D U C T IO N
The roe deer, Capreoius capreolus (Linnaeus, 1758), is a characteristic representative of the prim itive, concentrating-selective, type of food habits (Hofmann, 1978 (Hofmann, , 1979 ; Van de Veen, 1979) . It possesses a simple stomach of relatively small capacity, in which food rem ains for an relatively short time, and consequently the animal m ust consume food during num erous short feeding periods (8-11 times per 24 hours) (Bubenik 1959 ; K urt, 1968) . This type of stomach is not adapted to utilizing poor food, from large quantities of which it would be possible to extract only a small am ount of nutritive substances, but has the ability to select easily digested high-energy food (Ellenberg, 1975 ; Hofmann, 1978 Hofmann, , 1979 . The composition of microorganisms present in the roe deer's alim entary tract also deserves attention. Only one species of infusorian (Entodinium dubardii Buiss.) lives in the roe d eer's stomach, which is exceptional in comparison w ith other species of deer (Drescher-Kaden & Seifelnasr, 1977). E. dubardii is presum ably very sensitive both to any change in the composition of food and to monotonous food (Bubenik, 1959 ; Bruchholz, 1975) .
All the foregoing results in the roe deer being the most fastidious species of all the deer kind in respect of its food requirem ents. On the other hand, it is known th a t it is the most common representative of deer in extensive areas of Eurasia. It can live equally well in a dry and cold climate or a hum id and warm one, in a forest or field habitat. It arises from this th at while retaining all its "fastidiousness" in choice of food, the roe deer m ust be able to make up its diet from the food supply currently available in the given area.
T hat this is in fact the case is shown by the discrepancies between results of studies on the consumption of the roe deer's food obtained in different parts of its range. Even the food from one geographical region, but from different natural biotopes, may exhibit far-reaching differences, hence the m ain emphasis in studies on its food should be given to ascertaining the mechanisms forming the picture of trophic relations.
The purpose of the studies undertaken was to exam ine the trophic relations of the roe deer in a mixed forest, paying particular attention to supply and demand relations and seasonal variations in the com position of the food consumed by this species. The studies discussed in the fu rth er p art of this paper were carried out in the Białowieża Prim e val Forest, since despite the pressure exerted by man over the course of m any centuries, this forest region has retained a relatively natural character and considerable variety of flora (Faliński, 1968) , which facilitates revelation of the roe deer's natural food preferences. The results obtained under these conditions may be useful for interpreting the picture of food relations in the case of animals subject to pressure by humans in the wide sense of the word.
M A T E R IA L A N D M E T H O D S
S tu d ie s on th e tro p h ic re la tio n s of ro e d e e r in a m e s o -e u tro p h ic fr e s h d ec id u o u s fo re s t M e U tti-C a rp in e tu m S o k . 1976 w e re c a rrie d o u t fro m J u n e 1976 t o A p ril 1979 . O b se rv a tio n s w e re m a d e of a to ta l n u m b e r of 7 ro e d e e r (3 fe m a le s a n d 4 m ales) o b ta in e d fro m th e w ild s ta te a t th e ag e of 1 to 7 d a y s a n d a rtific ia lly fed (K ossak, 1981) . A fte r th e p e rio d o f r e a r in g th e y o u n g a n im a ls h a d e n d ed , th e y w e re su p p p lie d w ith s u p p le m e n ta ry food, i.e. th e fo d d e r u sed in o p e n h u n t ing ra n g e s so lely d u rin g th e tim e th e a r e a w a s u n d e r snow . O v er th e w h o le y e a r th e a n im a ls w e re k e p t su p p lie d w ith s a lt in s a lt-lic k s a n d d rin k in g fa c ilitie s w e re m a d e a v a ila b le to th e m in su m m e r.
D u rin g th e f i r s t 6 m o n th s of life th e ro e d e e r liv e d in a n 0.84 h a e n c lo s u re s itu a te d in a fre s h d e c id u o u s fo re st. T h e e n c lo s u re in c lu d e d fa llo w la n d p a r tly c o v e re d by a y o u n g se lfso w n tr e e sta n d , a n d in th e f u r th e r p a r t of th is p a p e r h a s b e e n r e f e r r e d to a s th e fa llo w lan d . A s fro m th e 7 th m o n th of life th e ro e d e e r w e r e p lace d in a n e n c lo s u re fe n c in g -in 21 .34 h a o f fre s h m ix e d d e c id u o u s fo re st. T h e p ro p o rtio n of a g e classes o f th e to ta l a r e a w a s a s fo llo w s : 3.14 h a of p la n ta tio n se t u p in 1976, 10 .10 h a of y o u n g tr e e s fr o m 12 to 22 y e a rs old (th ic k e t) a n d 8.10 h a of tim b e r sta n d , fro m 118 to 158 y e a rs old.
T h e w h o le o f th e m a te ria l on th e ro e d e e r's fo o d re la tio n s w a s c o lle c te d b y m e a n s of d ire c t o b se rv a tio n s, th e o b se rv e r m o v in g a s th e in d iv id u a l o b se rv e d m o v e d , a n d re c o rd in g on a ta p e re c o r d e r d a ta on th e fo o d c o n su m ed a n d a ll d a ta on th e a n im a ls ' b e h a v io u r a n d e x te r n a l fa c to rs c a p a b le of a ffe c tin g th e a n im a ls ' b e h a v io u r. O ne o b se rv a tio n p e rio d la ste d , in th e ca se o f fa w n s, fo r th e i r w h o le a c tiv ity p e rio d (fro m r e s t to re st) a n d fo r a d u lt a n im a ls a p p ro x im a te ly o n e h o u r, w ith a g ra n d to ta l of 286 o b se rv a tio n p e rio d s. O b s e rv a tio n s w e re m a d e a t d if fe re n t tim e s o f th e d a y , m o rn in g h o u rs p re d o m in a tin g , in a c c o rd a n c e w ith th e a n im a ls ' a c tiv ity in th e g iv en seaso n. D a ta on a n n u a l a n d 2 4 -h o u r cy cles o f th e ir a c tiv ity h a s b e e n d iscu ssed s e p a r a te ly (K ossak & M y ślin sk i, in prep. ) .
O n e o b s e rv a tio n p e rio d to o k a d ay , e n d e a v o u r b e in g m a d e to o b se rv e a d if fe r e n t in d iv id u a l each tim e. O b se rv a tio n s b e g a n w ith se a rc h in g fo r th e ro e d e e r in th e e n c lo su re , av o id in g a n y a tte m p ts a t a ttr a c tin g th e m in o rd e r to av o id d is tu rb a n c e in th e ir ch o ice of a fe e d in g p la c e . If th e in d iv id u a l c o n c e rn e d w a s n o t fe ed in g , th e o b s e rv e r e ith e r w a ite d u n til th e e n d o f th e r e s t p e rio d , o r ch o se fo r o b se rv a tio n a n in d iv id u a l a c tiv e d u rin g th e p erio d .
I n o rd e r to d e fin e th e c o m p o sitio n of th e ro e d e e r 's food th e m e th o d of re c o rd in g c o n ta c ts w a s u s e d , co n sid e rin g a s o n e c o n ta c t a sin g le c ro p p in g a n d sw a llo w in g of a piece, th e w h o le o r s e v e ra l p la n ts of th e g iv e n sp ecies. T h e fo llo w in g d e sc rip tio n w a s a d h e re d to in re c o rd in g c o n ta c ts : leaf, sh o o t w ith le a v e s o r w ith o u t leav e s, c ro p p e d fro m g ro w in g p la n ts , le a v e s or sh o o ts ly in g o n th e g ro u n d , th e b a r r e n p a r t of a h e r b p la n t, flo w e rs, f r u its a n d seeds c ro p p e d fr o m p la n ts g ro w in g or fa lle n on to th e g ro u n d . I n so m e cases d e fin itio n w a s lim ite d to g e n u s only, e.g. V iola sp. G rasse s a n d sed g es w e re c o n sid e re d jo in tly a s one fo o d g ro u p , a n d th e sa m e w a s d o n e in re la tio n to fu n g i a n d m u sh ro o m s. A s fe e d in g u n its re c o rd e d b y th e c o n ta c t sy ste m d iffe re d g re a tly fr o m e a ch o th e r in re s p e c t of m a s s,in o rd e r to d e fin e th e p e rc e n ta g e of d if fe re n t p la n ts in th e ro e d e e r's d ie t o v e r th e y e a rly cy cle a n a tte m p t w a s m a d e a t p a r tia l u n ific a tio n of d a ta by m e a n s of a rh ass c o n v e rsio n fa c to r. T h is w a s o b ta in e d b y th e fo llo w in g m e t h o d : th e o b se rv e r re c o rd e d on a ta p e re c o r d e r th e c o n ta c ts c o n su m e d b y a g iv e n a n im a l, a n d a t th e sa m e tim e to o k s a m p le s s im ila r in size a n d a p p e a ra n c e fro m th e sa m e sp ecies a n d , w h e re v e r p o ssib le, a s a m p le of th e p la n t itse lf. S a m p les w e re ta k e n on ra in le s s d a y s a f t e r d ew h a d d rie d , p la ce d in a p la s tic c o n ta in e r T a b le 1 M ass c o n v e rsio n fa c to rs u sed fo r u n ific a tio n of co n ta c ts. D u rin g w in te r p e rio d w ith a sn o w c o v e r (Dec. 1 -A p ril 10) n o c o n v e rsio n fa c to rs w e re u sed b e c a u se of la c k of u n d e rg ro w th .
D a te
A v e ra g e m a s s of 1 c o n ta c t in g C o n v e rsio n fa c to r H e rb p la n ts L ig n e o u s F u n g i A co rn s p la n ts H e rb p la n ts L ig n e o u s p la n ts F u n g i A co rn s 1 W e ig h t of one a c o rn is g iv e n in a c c o rd a n c e w ith "Z a sa d y h o d o w la n e " [B reed in g P rin c ip le s ] (1969). a n d im m e d ia te ly on c o m p le tio n of o b se rv a tio n s w e re w e ig h ed a n d d iv id e d in to lig n e o u s a n d h e rb p la n ts a n d fu n g i. T h e fre s h m a s s of th e s a m p le w as n e x t d iv id e d b y th e re c o rd e d n u m b e r o f c o n ta c ts, o b ta in in g th e a v e ra g e w e ig h t of a c o n ta c t in th e g iv en g ro u p of p la n ts. T h is w e ig h t w a s th e r e s u lta n t o f d iffe re n t sized p a r ts a n d sp ecies o f p la n ts a llo c a te d t o o n e g ro u p . A to ta l o f 19,682 sam p le c o n ta c ts w e re ta k e n , a n d m a ss c o n v e rsio n fa c to rs c a lc u la te d on th is b a sis (T ab le 1). A fte r s ta n d a rd is a tio n th e c o n ta c ts w e re te r m e d "b its ".
In o rd e r to ch eck w h e th e r ro e d e e r p re f e r p la n ts in th e flo w e rin g p h a se , a te s t w a s u se d fo r fre q u e n c y of o c c u rre n c e of flo w e rin g p la n ts in th e a r e a a n d in th e a n im a ls ' food, ta k in g A n e m o n e n e m o ro sa a n d O x a lis a c e to se lla fo r a n a ly s is on a c c o u n t o f th e c o n sid e ra b le p ro p o rtio n th e y fo rm o f th e ro e d e e r's food, th e ir a b u n d a n t flo w e rin g a n d th e e a s y c o u n tin g of flo w e rs a n d le a v e s c ro p p e d b y th e s e a n im a ls . T h e r a tio n of flo w e rin g p la n ts to in f e rtile p la n ts in th e a n im a ls' d ie t w a s d e fin e d by m e a n s o f d ire c t o b se rv a tio n s a s d e sc rib e d a b o v e, w h ile th e ab o v e r a tio n o f th e p la n ts o c c u rrin g in th e a r e a w a s d e fin e d b y m e a n s of co u n tin g a ll p la n ts in th e g e n e ra tiv e a n d v e g e ta tiv e p h a s e in 50X 50 cm a re a s m a r k e d o u t a t ra n d o m . In th e c a se of A n e m o n e n e m o ro sa 130 a re a s w e re se le c te d a t ra n d o m in th e o ld tr e e sta n d , th e y o u n g tr e e s ta n d a n d in th e p la n ta tio n , a n d fo r O x alis a c eto se lla b y ra n d o m se le c tio n of 40 a re a s in th e old tr e e sta n d . S a m p le s w e re ta k e n d u rin g th e flo w e rin g a p o g e u m of b o th sp e c ie s (M ay 3rd a n d 4 th 1977).
In o r d e r to d e fin e th e a b u n d a n c e o f th e d if f e r e n t sp ecies of p la n ts , a se rie s of 42 p h y to so c io lo g ic a l lists w a s d ra w n u p a n d o n th is b asis (u sin g th e B ra u n -B la n q u e t scale) c a lc u la tio n w a s m a d e of th e p e rc e n ta g e o f d if fe re n t sp e c ies in su c cessiv e ag e c la sse s of tr e e sta n d . T h e d a ta w e re re f e r r e d to th e B ra u n -B la n q u e t m odel (P a w ło w sk i, 1972), g iv in g th e v a lu e o f th e c o e ffic ien t of a b u n d a n c e D ( D e c k u n g s w e rt):
to ta l of a v e ra g e p e rc e n ta g e s of c o v e r in a ll lists
A ll d a ta on th e ro e d e e r's food w e re c o n sid e re d jo in tly in re la tio n to o b se rv a tio n s of d if f e r e n t in d iv id u a ls a n d y e a rs, tr e a tin g th e m a te ria l a s re la tin g to ro e d eer. B y th e te r m "ro e d e e r" is m e a n t th e r e s u lta n t of th e a c tiv ity of a n im a ls of b o th se x e s a n d d if fe re n t ag e s p re s e n t in th e s tu d y a re a .
S U P P L Y A ND D E M A N D F O R P L A N T S
On the basis of the whole of the m aterial collected, consisting of 121,706 recorded contacts of the roe deer w ith plants, a floristic list was draw n up illustrating supply and demand for plants under the con ditions prevailing in a mixed deciduous forest ( Table 2 ). All the plant species occurring in the study area were taken into consideration, giving the age class of the tree stand and num ber of contacts recorded. Species in the table were arranged in order of decreasing total num ber of con tacts. The value of the coefficient of abundance D was placed by each of the species. When the species occurred in the shrub (b) or herb layer (c) both values were given.
Definition of the degree to which roe deer make use of the food available to them was based on value D for different plants and on the percentage of plants in the total num ber of contacts recorded in suc cessive age classes for the tree stand and fallow land. Table 3 gives the key used for defining the numbers of the plant species in the area and its percentage in the roe deer's food. Both these values were compared for each species and the following categories of plants were established : (A) Species consumed in proportion to their occurrence :
(1) occurring numerously -w ith considerable proportion in contacts (2) occurring m oderately -with m oderate proportion in contacts (3) occurring scantily -with low proportion in contacts (4) occurring scantily -contacts not recorded (B) Species consumed disproportionately to their occurrence :
S. Kossak
Avoided :
(1) occurring num erously -w ith moderate proportion in contacts (2) occurring numerously -w ith low proportion in contacts (3) occurring m oderately -w ith low proportion in contacts (4) occurring num erously and m oderately -no contacts recorded P referred :
(5) occurring m oderately -w ith considerable proportion in contacts (6) occurring scantily -w ith moderate proportion in contacts M arkedly preferred (7) occurring scantily -w ith considerable proportion in contacts Species which were not included in phytosociological lists on account of their sporadic occurrence, b u t were recorded as being cropped by roe deer, were also taken into consideration in the analysis.
D escrip tion of th e F eed in g H abits of Roc D eer
P la n ta tio n (1-4 y e a rs old)
In this age class of tree stand 23 species of trees, bushes and shrubs and 93 species of herb plants w ere found to occur, b u t roe deer cropped only 17 species of ligneous and 49 species of herb plants. The Y o u n g t r e e s ta n d P a r t l y w o o d ed >T ,,
T o ta l P la n ta tio n (th ic k e t) T im b e r s ta n d fa llo w la n d 49 . M e n th a a rv e n sis 50. R a n u n c u lu s p o ly a n th e m o s 51. P iróla m in o r 52. Ja sio n e m o n ta n a
D en ta ria b u lb ife r a 2. S a n íc u la eu ro p a ea 3. T rie n ta lis eu ro p a ea 4. D ry o p te ris sp in u lo

M ono tro p a h y p o p ity s 48. H ie ra c iu m la ch en a lii
O e n o th e ra b ie n n is 54. A g rim o n ia odorata
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_2,5_ __ - b -b u sh la y e r, <:■-h e r b la y e r, H p e rc e n ta g e of sp e c ie s less th a n 0.1%
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recorded in the young tree stand. Ccrpinus betulus (24.0°/o) and Anemone nemorosa (32.1%) were most frequently cropped (Table 2) . Species numerously occurring in the young tree stand predominate in contacts (75.8%) (Table 4 and 6), Species readily cropped by roe deer, but occurring less numerously, form a fu rth er 17.1°/« of contactsthese are chiefly Stellaria holostea -7.7%, Salix caprea -4.5%, Lathyrus vernus -1.8% and Populus trem ula -1.4%. Food consumed in the young tree stand was supplem ented by plants occurring and cropped to a small extent (2.4% of contacts) and species not readily consumed by roe deer (4.2% of contacts). Both the high percentage of ligneous plants in the total num ber of contacts recorded in the young tree stand (40.5%), and the relatively small num ber of herb plants consumed by roe deer, show th at the animals most readily consume browse in this class of tree stand.
T a b le 3 K ey to d e fin in g th e n u m b e rs of d if fe re n t p la n t sp e c ie s in th e a r e a a n d th e p e rc e n ta g e fo rm e d in th e ro e d e e r's food.
C o e ffic ie n t of N u m b e rs of ®/o in P ro p o rtio n a b u n d a n c e (D) p la n t in a re a c o n ta c ts in food 21 species of ligneous and 59 species of herb plants occur in the old tree stand, but contacts were recorded only with 17 ligneous species and 35 herb species. The total number of contacts was 56,385, 24 .8% of which were herbs, 1.0% grasses and sedges and 0.6°/« fungi. Oxalis acetosella -41.0%, Carpinus betulus -14.8%, Anem one nemorosa -12.2% and Viola sp. -10.7% predominate in the food consumed by roe deer in the old tree stand ( Table 2) .
Analysis of plants in respect of their consumption by roe deer (Table  4 and 6) showed that 86.0% of contacts was found for num erously occur ring plants. Species readily cropped, b u t occurring less numerously, form a further 9.0% of contacts. Food consumed in the old tree stand is supplem ented by plants growing in very great num bers (2.3%) and occurring numerously or moderately, but not readily consumed by roe deer. Contacts w ith them formed 1.8 
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15 sp ecies of h e rb s G a liu m sp. 6 . (Table 2) . Analysis of plants in respect of their consumption by roe deer showed ( Table 4 and 6) that 69.4% of contacts took place with species growing abundantly and moderately. Plants readily cropped by roe deer, but occurring less abundantly, form a fu rth er 24.5%. Food consumed in the fallow land was supplem ented by species occurring scantily in the area (3.0% of contacts) and occurring numerously or moderately, but not readily cropped by roe deer (2.6%).
Q u alitative and Q u a n tita tiv e C o n su m p tio n of Po o d R esources by Roe Deer
Jointly for the study area 155 species of ligneous and herb plant species were found to occur, b u t 97 species were recorded in the roe deer's food ( Table 2) . Consumption of food resources in respect of the num ber of species in tree stands of different age and in the fallow land is presented in Table 5 , from which it can be seen that most of the species growing numerously or very abundantly are included in the roe deer's diet. The m ajority of the species w ith which no contacts were recorded are characterized by scanty occurrence. Among plants occurring numerously, but not consumed in the given age class of tree stand or fallow land, it is the species for which no contacts were recorded over the whole study area which predominate. These are : Dentaria bulbifera, Trientalis europaea, Urtica dioica, Galeobsis bifida, Cirsium lanceolata and Gnaphalium silvaticum.
The foregoing justifies the assumption th at m oderate consumption by roe deer of the supply of species in a m ixed deciduous forest (about 63%) is due to the more scanty occurrence of a considerable number of the plant species.
T a b le 4, e x p la n a tio n s c o n clu d e d .
P r e f e r r e d 5 -o c c u rrin g m o d e ra te ly w ith c o n sid e ra b le p e rc e n ta g e in c o n ta c ts 6 -o c c u rrin g sc a n tily w ith m o d e ra te p e rc e n ta g e in c o n ta c ts G r e a tly p r e f e rre d 7 -o c c u rrin g sc a n tily w ith m o d e ra te p e rc e n ta g e in c o n ta c ts Q uantitative consumption of food resources is shown in Table 6 , from which it can be seen that the decided m ajority of contacts relate to plants allocated to the group of species not excessively consumed in relation to the abundance of their occurrence (75.0%-91.2°/o of contacts). These are chiefly species cropped in proportion to the abundance of their occurrence (72.4%-88.3% of contacts).
Species particularly intensively consumed, and thus distinctly pre ferred by roe deer, form from 8.5% to 24 .5% of contacts in successive age classes of tree stand and in the fallow land. This group includes 7 species in the plantation of young tree stand, 5 species in the old tree stand and 10 species in fallow land (Table 4) and old tree stand, Betula pubescens in the young tree stand and fallow land. It m ust be emphasised th at a considerable number of contacts with oak and aspen in the old tree stand consist of twigs and leaves blown down by wind from the upper parts of trees and in the case of oaks, also w ith acorns. In the group of herbs those particularly p refer red are Mycelis muralis in the plantation and old tree stand, Stellaria graminea in the plantation, Lathyrus vernus in the young tree stand, Oxalis acetosella and Lotus corniculatus in the fallow land, and M elampyrum nemorosum in the plantation, old tree stand and the fallow land.
Species not readily consumed by roe deer form from 1.8% to 4.2% of contacts. This group includes 21 plant species in the plantation, 20 in the young tree stand and 10 respectively in the old tree stand and fallow land. The phenomenon of unwilling consumption by these animals of certain components of the available food resources can be seen most clearly by the example of those species which, regardless of their abun dance of occurrence in successive age classes (in some cases very con siderable), form a small or even negligible proportion of contacts. By comparison of intensity of feeding by roe deer on different species of plants and of their abundance of occurrence in the area it is possible to establish the following : it is a characteristic feature of food relations of roe deer in a m ixed deciduous forest that demand is defined by sup ply. This is shown by the fact th at from more than 70 to 90°/« of contacts 1 S u m to ta l W / i g iv e n w ith o u t sp e c ies w ith p e rc e n ta g e in c o n ta c ts of less th a n 0.1% . I -n o t e x c e ss iv e ly c o n su m e d A. 1 . o c c u rrin g n u m e ro u s ly w ith h ig h p e rc e n ta g e in c o n ta c ts, 2. o ccu rin g m o d e r a te ly w ith m o d e r a te p e rc e n ta g e in c o n ta c ts, 3 . o c c u rrin g s c a n tily w ith sm a ll p e rc e n ta g e in c o n ta c ts, B. 1. o c c u rrin g n u m e ro u s ly w ith m o d e ra te p e rc e n ta g e in c o n ta c ts, 2. o c c u rrin g n u m e ro u s ly w ith sm a ll p e rc e n ta g e in c o n ta c ts, 3 . o c c u rrin g m o d e r a te ly w ith sm a ll p e rc e n ta g e in c o n ta c ts, I I -in te n siv e ly c o n su m e d B. 5 . o c c u rrin g m o d e r a te ly w ith c o n s id e ra b le p e rc e n ta g e in c o n ta c ts, 6 . o c c u rrin g s c a n tily w ith c o n sid e ra b le p e rc e n ta g e in c o n ta c ts, 7 . o c c u rrin g s c a n tily w ith m o d e ra te p e rc e n ta g e in c o n tac ts.
were recorded for the group of plants consumed in proportion to their occurrence, while species, for which it m ay be concluded th a t demand for them does not exceed supply in the area, form from about 8 to about 24% of contacts and thus far less than their proportion in co formation of the picture of trophic relations. 4 .
A description is given below of the yearly feeding cycle of roe deer on groups and species of plants, based on the whole m aterial, jointly for all age classes of tree stand and fallow land. Standardized units of the anim als' feeding, i.e. "bits" have been used for this purpose. The system for conversion of observation units (contacts) into feeding-units, bits, has been described in section 2 (Material and methods).
Data on the yearly cycle of feeding by roe deer w ere obtained by examining the composition of the animals' diet in 19 feeding periods (Table 7) .
On account of the different number of bits recorded in successive feeding periods, the whole of the data is presented in the form of per centages. The sum total of all bits recorded in a given feeding period was taken as 100®/o (Fig. 1). T In discussing the roe deer's diet in winter, food consumed from sup plem entary winter food supplies has been omitted, as this question has been discussed separately (Kossak, in press). Ligneous plants occur in the roe deer's diet throughout the year, but their proportion in the anim als' food varies in successive feeding periods ( Fig. 1) , Fewest bits are recorded after snow has disappeared (second ten-day period of April -second ten-day period of May) -10®/o. The subsequent four feeding periods are characterized by increase in the proportion of ligneous species (end of May and June) to about 25®/o, and also its relative stabilization. In periods from 10 to 12 inclusive (July and first half of August) the proportion of this group increases gradually to about 56®/o. During the second half of August, in September and October (periods 14-16 inclusive) the proportion of ligneous species is m aintained on a level of 58-60®/» of bits. During period 17 -late autum (November) there is a periodical decrease in the roe deer's feeding on ligneous plants (about 48®/o of bits). Period 18A (with persisting snow cover) is characterized by decided predominance of ligneous food in the roe deer's diet (99®/o), whereas in sub-period 18B (winter thaws exposing the herb layer) the roe deer's feeding on this group of plants decreases to 16% of bits. The intensive feeding of roe deer on ligneous plants recorded in w inter continues to the end of the first 10 days of Fig. 1 . P e rc e n ta g e of g ro u p s of p la n ts in th e ro e d e e r 's d ie t o v e r th e y e a rly cycle. 1 -h e r b la y e r p la n ts, 2 -g e n e ra tiv e p a r ts of h e r b la y e r p la n ts , 3 -fu n g i, 4 -g ra s se s a n d sedges April (period I), when this group forms 33% of all bits during this feeding period.
V ariations in the Proportion
H e rb P la n ts Roe deer feed on herbs throughout the year, but the proportion formed by this group of plants in the animals' diet is subject to considerable variations ( Fig. 1) , After snow disappears and plant grow th begins there is a rapid increase in the percentage of herbs in the roe deer's diet. This increase takes place through the first and second 10-day period of April, to reach the annual maximum during the th ird 10-day period (about 93% of bits). This high proportion of herbs in the anim als' diet is m aintained, with slight fluctuations, up to the second 10-day period of May inclusive. During the third 10-day period of this m onth it decreases to about 75%, followed by a stabilized period lasting up to the end of June. In July and August the proportion of herbs in the roe deer's diet gradually decreases, to become stabilized once more in Sep tember on a level of about 35%. This state is m aintained up to the end of October. In November the proportion of herbs transitorily increases to about 51°/o of bits, probably as the result of the decreased attraction of ligneous food (lack of leaves) in favour of herbs characterized by a long growing period. In winter sporadic bits from the herb plant group were recorded only when the snow cover was not very deep, while on days of w inter thaws exposing the herb layer the proportion of herbs increases to about 82% of bits.
The generative parts of herbs (flowers and fruits) play a considerable part in the roe deer's diet, being cropped over 12 feeding periods (third 10-day period of April -end of September). The proportion of gene rative parts in the roe deer's diet rapidly increases at the s ta rt of the growing season (end of April -about 11%), is relatively stabilized on a level of 20-25 bits between the first 10-day period of May and first 10-day period of July, w ith a maximum occurring at the end of June (33%), and slowly decreases from the second 10-day period of Ju ly (about 15%) to the end of September (about 2%). In October roe deer w ere recorded as having sporadically cropped plants in process of the generative phase. G ra sse s a n d S ed g es The plants in this group play their chief part in the roe deer's diet in spring and autum n (Fig, 1) . They appear in the anim als' diet after snow disappears and form 10% of bits during th e first, and about 15% in the second, 10-day periods of April. In subsequent feeding periods their proportion decreases to about 2°/» and is m aintained on this level up to the end of June. From the first half of July to m id-August the animals were not found to crop these plants, which re-appeared in the anim als' diet during the second half of August and reached about 5% in bits consumed by roe deer in September. In late autum n (November) they still form about 1% of all bits. Sporadic cropping of grasses and sedges was recorded on w inter days when snow cover disappears.
S. Kossak Fungi
Twice during the course of the year fungi form an im portant p art of the roe deer's diet. The first short period when the animals consume them occurs in April, the m aximum (5% in bits) being recorded during the first, 2% during the second and only 0.5% during the third, 10-day periods of this month. The animals were not found to consume them in May. This group re-appears in the roe deer's food during the first half of A ugust (about 1% of bits). The annual maxim um of feeding on fungi occurs in September (about 7% of bits). Sporadic consumption of fungi was recorded in w inter when snow covered the ground.
4,2. V ariations in th e N um bers of L igneous and H erb P la n t S p ecies in th e R oe D eer's D iet over th e Y ea rly C ycle
The number of ligneous and herb plant species is subject to consider able variation in the roe deer's diet over the annual cycle (Fig. 2) , w ith F ig. 2. N u m b e r of p la n t sp e c ie s in th e ro e d e e r's d ie t o v e r th e y e a rly cycle. a distinct tendency to enrichm ent of their diet in spring and summer -(annual m aximum -57 species in the first half of August) and im poverishment in autum n and w inter (annual minimum -11 species during the time the ground is covered w ith snow).
The spring diet of roe deer contains the smallest num ber of ligneous plant species (less than 10 in A pril and the two first 10-day periods of May). In subsequent months there is a tendency to increase the variety 1 0 1 of species consumed, and in the first half of August their num ber become stable a t a level of 16-17, continuing until snpw begins to fall. While snow cover persists roe deer feed on ligneous species and during w inter thaws exposing the herb layer, on 7. * The number of herbs cropped by roe deer is subject to considerable variations over the yearly cycle and, as in the case of ligneous plants, IV V VI VII VIII IX to snow Months cover with snow cover
X 1.XI XII-IM
to snow Months cover with snow cover 0 Fig. 3 . C o m p a riso n of th e p e rc e n ta g e of g ro u p s of p la n ts a n d n u m b e r of sp e c ie s in th e ro e d e e r's d ie t o v e r th e y e a rly cycle. A -h e rb la y e r p la n ts , B -tre e s , b u sh e s, sh ru b s.
there is a tendency to enrich the diet in respect of number of species during the spring-summer period, and to impoverish it at other times of the year. Disappearance of the snow cover makes it possible for roe deer to feed on 15-16 species (April). This num ber increases in sub sequent months to become established for the period from m id-July to m id-August on a level of 37 to 40 species. As from the second half of August the num ber of species in their diet decreases by 7 up to the end of October and by a further 9 in November. When snow falls roe deer cease feeding on herb plants (only sporadic cropping of one species was recorded). On days of w inter thaws, when snow disappears roe deer feed on 10 species of herbs.
It is clear from the above discussion th at the proportion of the given group of plants in the roe d eer's food is not necessarily connected with the num ber of species on which they feed (Fig. 3) . For instance the lower percentage of bits from ligneous plants in their diet (end of April -2%) consisted of 6 species -the same num ber that formed 33fl/o during the first 10 days of April. Sim ilarly during the winter m onths with persisting snow cover, when ligneous plants form as much as 999/o of bits, roe deer cropped only 11 species of tree, bush and shrub species.
There was, however, coincidence in the number of species and pro portion of ligneous species in the diet during the sum m er-autum n period (August-October) of maxim um feeding (about 60fl/o of bits), consisting in cropping 16-17 species.
In the group of herb plants the discrepancies between proportion of this group in the roe deer's diet and the num ber of species consumed are distinct. G reatest intensity of feeding by deer on herbs, occurring at the end of A pril and in May, is not connected with variety of diet (only 20-25 species). The greatest variety in their food was recorded from m id-July to m id-August (37-40 species), when the proportion of this group in the roe deer's diet shows a tendency to decrease.
C om position of the Roe D eer's Food over th e Y ea rly C ycle
Taking sim ilarities and differences in the composition of the roe deer's diet in successive feeding periods as a basis (Fig, 4) , the description of the year's food consumption by these animals is as follows :
The In September Salix caprea predominates in the roe deer's diet, while the proportion of Carpinus betulus decreases. Ligneous species also occur ring in their diet include Populus tremula, Betula verrucosa, Quereus robur together with the first acorns, and Sorbus aucuparia. Among herb plants Rubus sp., Lathyrus vernus and Viola sp. occur, and in quantities greater than during the sum m er m onths -Oxalis acetosella. Fungi are included in their diet in September.
From the first days of October up to the time snow falls {early December) Oxalis acetosella and Carpinus betulus predom inate in the roe deer's diet. In October roe deer cease feeding on Salix caprea, while grasses and sedges appear transitorily, and the proportion of acorns greatly increases at this time, particularly in November. In addition to the above species, Betula verrucosa and Viola sp. were also recorded in the anim als' diet.
With the appearance of lasting snow cover and during the time it persists (early December -end of March) Carpinus betulus predomi nates in the roe deer's diet. In addition to this Populus trem ula and Vaccinium m yrtillus are also eaten, but in far sm aller quantities. If thaws occur during this time, combined w ith disappearance of the snow cover, the composition of the roe deer's diet changes radically -it consists almost entirely of Oxalis acetosella, supplem ented by small amounts of Carpinus betulus, Vaccinium m yrtillus, Populus trem ula and Viola sp.
During the growing season the generative parts of plants form a con- 8 th at these differences are statistically highly significant, which shows that the animals prefer (that is, actively choose) flowering individuals of the two plant species. This preference is particularly strong in the case of Oxalis acetosella. In the case of Anemone nemorosa the above phenomenon occurred most distinctly in the plantation.
4A. D escrip tion of the F eed in g H abits of Roe D eer on Som e L igneous Species, H erbs, G rasses and S ed ges and on Fungi
On the basis of data from reports on successive field observations and on m aterial presented in the preceding sections, a description was made of the way roe deer feed on different plant species. Plants were selected for analysis solely on the am ount of m aterial collected. The following have been taken into account in the description : (a) annual distribution of the roe deer's consumption of a given species, drawn up from stan dardized units of the anim als' feeding, term ed bits, (b) intensity of feeding by roe deer on a given species in successive age classes of the tree stand and on fallow land, determ ined on the basis of recorded con tacts of these animals in the field w ith the given species ; (a) and (b) have been illustrated by diagrams in Fig. 5. (c) the proportion, calculated from data in reports, of the generative parts in contacts with herbs, grasses and sedges, and the proportion of twigs with leaves and leaves only in contacts with ligneous species, (d) proportion of contacts with the given species in the sum total of contacts recorded in three successive Vaccmium m yrtillus is cropped by roe deer throughout the year, but the proportion it forms in their diet is only considerable a t the beginning of April, when it is 30°/o. During the growing season roe deer crop the leaf-bearing browse of this species. V. m yrtillus was most often cropped in the old tree stand (61*/o of contacts w ith this species) and in the plantation (23%). In the sum total of contacts recorded in successive study years V. m yrtillus formed 1.3, 2.6 and 0.6%.
Anemone nemorosa occurs in considerable amounts in the roe d eer's diet in the pre-spring and early spring periods, and at the end of April T a b le 8 C o m p a riso n of p e rc e n ta g e of flo w e rs a n d le a v e s in th e h e r b la y e r a n d in th e ro e d e e r 's food.
A n e m o n e n e m o ro sa
O rralis a c e to se lla P la n ta tio n T h ic k e t T im b e r sta n d T im b e r s ta n d F lo w e rs L e a v es F lo w e rs L e av e s F lo w e rs L e a v e s F lo w e rs L e a v e s Roe deer feed on Fragaria vesca throughout the year, except for the period w ith persistent snow cover. It is particularly intensively cropped at the beginning of April, when it forms 20% of their diet, b u t in other seasons it does not exceed 10%. The generative parts of F. vesca form about 6% of contacts with this species in fallow land and about 2% in the plantation. F. vesca was most frequently consumed in the plantation (78% of contacts w ith this species) and fallow land (17%). In successive years F. vesca formed 3.5, 4.2 and 7.9% of all contacts.
Grasses and sedges are eaten in greater quantities by roe deer twice a year -in April when they form about 17% of th eir diet and in October (about 4% of their diet). The animals crop chiefly Carex hirta, Milium effusum and Lusula pilosa, which jointly form about 18% of contacts w ith this group of plants. The generative parts form 9.7% of contacts w ith grasses and sedges (in fallow land -25.0%, in the plan tation 5.6 ). In the young and old tree stands roe deer were not observed to crop the generative parts. In successive years grasses and sedged formed 3.1, 2.7, and 1.4% of all contacts.
Veronica chamaedrys forms an im portant component of the roe deer's diet in spring and early summer, when it forms about 9 to about 17% of their diet. It is cropped during the whole growing season, but its percentage in the anim als' diet does not exceed 5%. G enerative parts form 26 .6% of contacts with this species (young tree stand -70.6%, plantation -31.9%, old tree stand -15.1%). The animals were not observed to feed on the generative parts of this species in the fallow land. V. chamaedrys is eaten chiefly in the plantation (72% of contacts with this species). In successive years V. chamaedrys formed 1.1, 3.3 and 3.4% of all contacts.
R um ex tenuifolius and R um ex acetosella form a considerable pro portion of the roe d eer's diet in June (maximum about 32%). In April, and from July to the end of their growing season, their importance in the anim als' diet is slight. 65 .5% of all contacts w ith R. tenuifolius and R. acetosella consists of individuals in the generative phase (in the young tree stand -100%, fallow land -80%, old tree stand -78.0%, plan tation 62.4%). These species are cropped in the largest am ounts in the plantation (83% of contacts with these species). In successive years they formed 1.9, 3.4 and 2.6%» of all contacts.
M elam pyrum nemorosum is consumed from June to the end of the growing season. Consumption of this species is greatest during the first half of July (about 10% of the anim als' diet). The generative parts form 64.5% of contacts with this species (old tree stand -70.0%, plantation -54.3%). Roe deer did not consume the generative parts of M. nemorosum in the young tree stand and fallow land. The largest num ber of contacts w ith this species were recorded in the young tree stand (74%) and plantation (24%). In successive years M. nemorosum formed 0.1, 2.2 and 1.0% of all contacts.
Achillea m illefolium is eaten from June to the end of the growing season, but it is only at the end of August th a t the am ount eaten exceeds 2%, being about 7%. 99.5% of contacts w ith A. m illefolium were recorded in the fallow land, where the generative parts were also consumed (7.5% of contacts). In 1976 A. m illefolium form ed 4.2% of all contacts, but in the two following years its percentage was negligible.
Fungi appear in the roe deer's diet twice during the year, their peak percentage occurring in Septem ber (about 7% of the anim als' diet). In the pre-spring period the percentage formed by this group was about 5%. In spring it was chiefly bracket fungi and other fungi growing on tree trunks, and also G yromitra esculenta, which were consumed. In autum n the roe deer consumed chiefly pileus-bearing mushrooms of the following species : Boletus edulis, Armillariella mellea, Paxillus involutus, Russula virescens and Am anita citrina. The largest num ber of contacts with fungi was recorded in the old tree stand (73%). In successive years fungi and mushrooms formed 0.1, 0.3 and 0.6% of all contacts.
Quercus robur was cropped by roe deer throughout the whole year. The percentage of the vegetative parts of this species did not exceed 5% in their diet. In Septem ber roe deer begin to feed intensively on acorns, and as a result in November Q. robur forms over 22% of their diet. In the old tree stand acorns form 35 .8% of all contacts w ith this species. D uring the growing season in the plantation and young tree stand roe deer fed chiefly on the browse of Q. robur (94.4 and 84.8% of contacts w ith this species), b u t in the old tree stand and fallow land chiefly leaves (92.5% and 98.2%). Over the whole year in the old tree stand roe deer readily consumed browse and leaves lying on the ground (68.4% of contacts in this age class of tree stand w ith Q. robur). In successive years Q. robur form ed 3.3, 1.2 and 1.4% of all contacts.
Carpinus betulus forms an im portant component of the roe deer's diet throughout the year, and particularly in months w ith persistent snow cover, when it forms almost 75% of the anim als' whole diet. From the end of April to the end of Ju n e its percentage does not exceed 11% and from Ju ly to November inclusive -27%. During the growing season 72% of contacts w ith C. betulus consisted of its browse (old tree stand -91.9%, young tree s ta n d -89.5%, plantation -77.4%, fallow land -7.6%). Roe deer sporadically ate the fru it of C. betulus. This species is consumed chiefly in the old tree stand (49% of contacts w ith this species). In successive years it formed 16.9, 11.2 and 16.1% of all contacts.
Oxalis acetosella is a species of which the m axim um proportion in roe deer's diet occurs in the late autum n, w inter and pre-spring period. In the late autum n it constitutes 49% of the anim als' diet, in winter when there is a thaw and the snow cover m elts -alm ost 80%, and in the pre-spring period about 35% of the anim als' diet. D uring the flowering period (May) it exceeds 20% of their diet. A t this time flowers form about 50% of contacts w ith this species in the old tree stand. O. acetosella is consumed chiefly in the old tree stand, w here 94% of contacts w ith this species were recorded. In successive years it formed 14.1, 26.2 and 12.5% of all contacts.
Viola sp., Populus trem ula, Salix caprea and Salix sp., Rubus sp., Betula verrucosa and Sorbus aucuparia are characterized by the absence of a short-lived distinct peak of their consumption by roe deer.
Viola sp. appears in roe deer's diet together w ith disappearance of snow cover and as from May, ending in September, it forms from 5 to 13% of the anim als' food. In autum n and during w inter thaws this percentage does not exceed 3%. During the flowering period 31.1% of contacts w ith Viola sp, consist of individual plants in the generative phase (plantation -78.3%, young tree stand -69.8%, old tree stand -13.5%). Viola sp. is chiefly consumed in the old tree stand (71% of contacts w ith this species) and in the plantation (26%). In successive years it formed 0.9, 7.0 and 12.8% of contacts.
Populus trem ula forms food for roe deer throughout the year, although its percentage in the anim als' diet does not exceed 8%. During the growing season the percentage of browse in contacts w ith P. trem ula is 33.3% (young tree stand -100%, old tree stand -37.4%, plantation -36.4%, fallow land -■ 0.5%). In the old tree stand, while snow cover persists, 33% of contacts w ith P. trem ula consists of twigs fallen to the ground and dry leaves. In spring the flowerheads of P. trem ula are sporadically eaten. The greatest num ber of contacts with this species were recorded in the old tree stand (43.5%). In successive years P. trem ula formed 3.4, 3.1 and 1.6 of all contacts.
Salix caprea and Salix sp. appear in the roe deer's diet in mid-May and continue to form part of it up to the end of w inter. From m id-July to the end of October they form from about 11 to about 26% of the anim als' diet. In other months their percentage does not exceed 6%. During the growing season 33.3% of contacts w ith these species consists of browse (100%, old tree stand ; plantation 67%, young tree stand 61.8®/o, and 2.8% -fallow land). They were cropped chiefly on fallow land -94% of contacts with Salix caprea and sp. In successive years their percentage was 24.0, 0.4 and 0.7% of all contacts.
Rubus sp. is consumed throughout the year. In April, August and from October to the end of winter its proportion in the roe deer's diet is not great and does not exceed 3%. In other m onths it forms from about 5 to 16% of their diet. Flowers and fruits are cropped in small am ounts -chiefly in fallow land (5.6% of contacts with Rubus sp.) and in the young tree stand (4.1%). The greatest am ounts of Rubus sp. are consumed in the plantation (87% of contacts with this species). In successive years it formed 0.7, 6,0 and 10.6% of all contacts.
Betula verrucosa is a component of the roe deer's diet throughout the year in am ounts not exceeding 8%. During the growing season 15% of contacts with this species consists in browse (old tree stand -100%, young tree stand -94.1%, plantation -36.1%, fallow land 2.5%). Roe deer consumed m aximum amounts of B. verrucosa in fallow land (75°/o of contacts w ith this species). In successive years it formed 4.8, 0.5 and 0.5% of all contacts.
Sorbus aucuparia is consumed by roe deer throughout the whole year, but does not form more than 8% of their diet. During the growing season 8.9% of contacts with this species consists of browse (young tree stand -■ 22.5%, plantation -8.9%, old tree stand -9.7%). In fallow land roe deer cropped the leaves only of S. aucuparia. Maximum num ber of contacts w ith this species were recorded in the old tree stand (60.0%). In successive years S, aucuparia formed 0.5, 2.0 and 1.3% of all con tacts.
D IS C U S S IO N
Use has been made in this study of the method consisting in obser vations of feeding groups of tam e roe deer, employing the author's own tested ways of procedure (Kossak, 1981). There is no doubt th at one of the main advantages of this method is the opportunity to directly follow the course of the anim als' feeding on plants. Wallmo et al. (1973) tested methods employed to define the food pre ferences of deer, including the m ethod of recording traces of the anim als' feeding in defined plots, and using tame individuals of Odocoileus hemionus as the testing factor. Comparison of the two methods showed that consumption of bushes and herb plants by these animals was under-estim ated, and th at of grasses -over-estimated. Data from the Białowieża Prim eval Forest on consumption of Oxalis acetosella by deer, obtained by recording traces of the anim als' feeding, given by Borowski & Kossak (1975) , showing th a t the proportion of this species in the anim als' diet was 0.1%, are strikingly different from the data obtained by observation of tame animals, when this proportion is defined as 20% of contacts. The phenomenon of under-estim ation of the proportion of small herbs in the diet of deer most probably occurs as a general rule, and is caused by the impossibility of descrying traces of the cropped plants. As shown by the au th o r's own observations, roe deer also feed on fallen twigs and leaves. This food is completely overlooked when using the method of recording traces of feeding. The same happens in the case of the animals consuming fruits and seeds fallen to the ground, which may periodically form an im portant component of their diet (Lay, 1965) .
In all 156 plant species here recorded as occurring in the study area, jointly for the plantation, young and old tree stands, and 81 species on fallow land overgrown with trees, for which the corresponding figures in the roe deer's diet were respectively 96 (61°/o) and 70 (86%). It is justifiable to conclude th at a certain num ber of species were not recorded, this applying to plants growing in small numbers and rarely cropped by roe deer. Their role would, however, appear to be sufficiently small for them to have no significant effect on the results as a whole, apart from extending the list of species. Klotzli (1965) is of the same opinion, putting the degree of consumption of forest plants by roe deer a t 75% and considering a further 5% as "uncertain", th at is, plants which m ight theoretically be consumed by roe deer. Briederm ann (1974) who recorded 400 plant species in the roe deer's diet, also states th at the m ajority of them "are not of im portance" and Juon (1963) recorded 100 species in the roe deer's diet out of 160 species growing in Sw itzer land, i.e. 63%.
The fact itself of the occurrence of a given plant species in the area does not determ ine the extent to which the animals feed on it. It may be concluded th at of two plant species equally attractiv e as food, the greater proportion in the animals' diet will be formed by the species which occurs more abundantly in the area. On the other hand, of two sim ilarly abundant plant species in the area, the more attractiv e species will be more intensively cropped, and thus by comparing supply and dem and it is possible to determine the roe deer's food preferences.
When determining the roe deer's food preferences other authors have grouped plants differently. The method closest in its intentions to the one used in this study is the division used by Klotzli (1965) . This author divided plants into four groups (from never to intensively consumed), taking as a guide the percentage of phytosociological groups in which traces of cropping the given plant were recorded and the degree of intensity of such cropping.
As can be seen from the data given in section 3, the largest am ount of contacts (75 to 91%) by roe deer do not excessively exploit plants. Species occurring very abundantly (from 69 to 86% of contacts) pre dom inate in contacts. The principle is th at if there is intensive con sum ption of a given species in the given age of tree stand (in relation to abundance of occurrence), then in another class it is less intensively cropped. An exception to this is Populus tremula, which was preferred in all age classes of tree stand and in the fallow land. The role of Sa lix caprea and Salix sp. in the roe deer's food is also interesting. Growing numerously in the fallow land, it forms as m uch as 29% of contacts and in the young tree stand, where it is scanty, it is greatly preferred. The role of Salix in the diet of deer has been emphasized by other authors (c/. e.g. Klôtzli, 1965) , b u t even so cases are still encountered of removal of Salix caprea and other willows from young tree stand and forest plantations during cultivation operations as "annoying w eeds", and some textbooks even recommend this (Ilmurzynski, 1969) .
No case was noted in the present studies of a plant not occurring abundantly, but belonging to preferred species, forming a considerable proportion in the sum total of contacts. The absence of the phenomenon of "searching fo r" plants can be partly explained by the observations of the roe deer's feeding behaviour, nam ely no feeding roe deer were observed to move in a definite direction of a "selected" plant or group of plants. Feeding consists in the animals moving in zigzags and choice takes place in the immediate vicinity of its muzzle. Thus the chance of the anim al coming on a plant is determined, in addition to its num bers in the area, presum ably also by its localization -plants growing near the regular paths of roe deer in the young tree stand, through the plantation to the old tree stand, were more intensively cropped than in other places in the enclosure.
The foregoing does not provide confirmation of the opinions held by other researchers (Szmidt, 1975 ; Szukiel, 1972 Szukiel, , 1979 ) th a t roe deer particularly readily feed on rare and sporadically occurring plants. It may be th a t the situation is different in areas w ith little variety of plant species, since roe deer, on account of the poor choice of plants suitable for their food, are obliged to search for such plants.
It m ust be clearly emphasized th at the moderate use made by roe deer of plants applies only to situations when the head of animals is small enough for it not to exceed the food resources of the habitat.
In studies on the food of deer, its variations over the annual cycle must not be overlooked, and thus the m ajority of papers on this subject take this aspect into consideration. The division of the year most com monly used is into seasons (Dziçciolowski, 1967 ; 1970 ; Sidua et al., 1969 ; Kohn & Mooty, 1971 ; Morow, 1976) , or months (Severcov & Sablina, 1953 ; Sablina, 1955 ; Borowski & Kossak, 1972 . Both these divisions are open to some objection. Considering anim als' food in 4 or 5 seasons is suitable for prelim inary definition of the proportion of dif ferent groups of plants, b u t is insufficient for a description of the course taken by the animals' feeding on different species. In this case division into months is slightly better, b u t may also be a source of error, namely if a plant is intensively cropped at the turning point between two months the phenomenon may not be perceived. Consequently in th e present study the year has been divided into 19 feeding periods containing different numbers of days, taking rapidity of changes in vegetation and in the anim als' diet as a guide. The start of the annual cycle was taken as April 1st, since in the Białowieża Prim eval Forest the snow cover usually disappears just about this date (Aulak, 1976) . During the period from 1st April to 1st August feeding periods are short, consisting of 10 days each. This is connected w ith the development of the herb layer, in which greater changes take place during spring and early summer, in respect of quantitative dynamics, biomass dynamics, production etc. Aulak, 1976 ) and in consequence also in the roe deer's diet. The cor rectness of using these short feeding periods in spring and early summer is shown by the example of the roe deer's diet in April and May (Section 4). In April ligneous plants jointly form 14#/o of the animals' diet and in May 9#/o, th at is, slightly less. If, however, the roe deer's food during these two months is considered in six 10-day periods a new phenomenon in revealed : during April there is a m arked decrease in their feeding on ligneous plants (from 33*/o during the first to only 2% during the third 10-day period). This low percentage of ligneous species in the roe deer's diet continues through two 10-day periods of May (respectively 6 and 7®/o), after which it rises to as much as 23®/o in the third 10-day period. In the light of the foregoing it may be said th at in the biotope of the mixed deciduous tree stand in the Białowieża Prim eval Forest the period of the lowest proportion of ligneous plants in the roe deer's food occurs on the days between 10th April and 20th May, and is caused by the appearance of herbs in the herb layer.
A second, but less distinct, decrease in intensity of browsing on ligneous plants occurs in late autumn. It may be concluded that the reason for this is the fact th a t browse is not very attractive, since it is leafless at th at time, whereas certain herbs (e.g. Oxalis acetosella) still form very nutritive food (Drożdż, 1979) .
The third decrease during the annual cycle of the proportion of ligneous food, occurring during w inter thaws, resulting in disappearance of snow, which enables the roe deer to feed abundantly on O ralis aceto sella -confirms the hypothesis as to the low degree of attractiveness of browse. The following conclusion may therefore be draw n : Nonligneous plants form particularly attractive food to roe deer, th at is, herb plants and the young non-ligneous shoots of ligneous plants and their leaves. The high percentage of woody shoots in the roe deer's food during the time the snow cover persists is to a great extent compulsory, owing to the limited access to the herb layer. This is confirmation of w hat has been postulated for a long time -the necessity of clearing snow from the herb layer in order to enable deer to feed on food remaining green in winter.
A sim ilar opinion on the role of ligneous plants in the roe deer's food has been expressed by Hofmann (1978) , who stated th at in spring, summer and autum n roe deer consume food rich in n utrient elements and poor in cellulose, that is, leaves, stems and flowers. Fibrous food, such as ligneous twigs or blades of grass, is unsuitable as the roe deer's stomach has too few bacteria breaking down cellulose and such plant material, not fully utilized, leaves the stomach. In another paper (Hoff mann & Geiger, 1974) the authors quite simply consider the roe deer the opposite of red deer, which they term "a twig and branch cropper " . Ellenberg (1975) has expressed a similar opinion in saying that the roe deer chooses, wherever possible, easily digested and high energy food.
The nearest area in which the roe deer's food was studied is the Soviet part of the Białowieża Prim eval Forest. Severcov & Sablina (1953) and Sablina (1955) studied the roe deer's food over the yearly cycle. These authors decidedly consider as opposites the herb part and ligneous part of these anim als' diet, term ing these two "kinds" of food their antipodes. This type of reasoning in relation to food relations would appear to be completely incorrect, namely, assuming that the roe deer must consume over a 24-hour period a given am ount of food (Bubenik, 1959 : about 2.5 kg ; Briedermann, 1974 : from 1.5 to 2,5 kg) it is obvious that when there is a lack of herb plants the animal is obliged to consume greater amounts of ligneous plants. The above authors also state that the roe deer is less fastidious in its feeding than the red deer, and consequently the num ber of species forming its food is small, i.e. 43 species. This is directly contrary to the results of studies by other authors (Klótzli, 1965 ; Fanta, 1974 ; Hofmann & Geiger, 1974 ; Bruchholtz, 1975 ; Hofmann, 1978 Hofmann, , 1979 . who agree in emphasizing the exacting demands of the roe deer in respect of composition and variety of its diet. Szczerbiński (1967) states that in respect of its food the roe deer is more fastidious than red or fallow deer. Severcov & Sablina (1953) and Sablina (1955) state th at from October to March inclusive the roe deer does not feed on herb plants at all. Jurgenson (1968) , on the other hand states that in autum n roe deer consume 13 herb species (6-7% of their food) and in w inter 3-4 species (2-5%i of their food). The results obtained in the present study clearly show th at it is only the snow cover which eliminates herbs from the roe deer's diet.
The relation shown in section 3 (Supply and demand for plants) between the proportion of the roe deer's diet formed by a species and the abundance of the latter in the area has been defined, treating both diet and abundance of plants statically, th at is, omitting seasonal variations and differences in successive study years. Meanwhile the variable quantitative and qualitative composition of their diet over the yearly cycle depends on the growing cycle and consequently also on their abundance.
From 1971 to 1974 studies were carried out in the Białowieża Primeval Forest on the development and production of the herb layer in a TilioCarpinetum Tracz. 1962 association (Aulak, 1976) . The numbers of in dividual plants of different species varied during the growing season. A general rule is th at the density of plants (abundance) increases from spring to the peak time after which, as the result of elimination after the period of maximum density, it decreases. Species developing and dying early (i.e., Anemone nemorosa, Dentaria bulbijera) exhibit zero density during the late summer and autum n. These species have a typi cal distribution of density (min-max-min). In the case of species persisting throughout almost the entire growing season, there are certain diver gences from a typical distribution of density, nam ely on the curve of their numbers, on some of the parts, after a periodical decline, a second peak occurs in their course. The system is thus the m in-m ax-m in-m axmin type. The reason for this is the appearance of new individual plants.
In the case of some species, (e.g. Stellaria holostea, Stellaria nem ontm , Galeobdolon luteum and Aegopodium podagraria) new individual plants appear through the greater p art of the growing season, even fairly abundantly towards the end of summer, th at is, during the period when growth is gradually ceasing. In addition it has been found that with a suitable am ount of rainfall, Galeobdolon luteum and Stellaria nemorum, for instance, not only produce throughout the whole period of spring and summer, but th at summer production is often greater th at than in spring (Aulak, 1976).
Analysis of the dynamics of quantitatives states is incomplete if we fail to take elimination into consideration. Population numbers form the resultant of the production of new individuals and elimination of old ones. Elimination of individual plants begins in principle from the start of the appearance of a population, but it varies in intensity over the growing season. For instance, in the case of Stellaria holostea, Stel laria nemorum, Hepatica nobilis and Galeobdolon luteum, it is fairly evenly distributed, the maximum occurring towards the end of the time for which the population of these species persists. In the case of Aegopodium podagraria and Asperula odorata two peaks of elimination may occur ; the first in June, the second in summer (with Asperula odorata) or autum n (with Aegopodium podagraria).
The relative stability of population density is not necessarily evidence of the absence of rotation, neither is reduction in quantity synonymous with absence of production. Tumidajowicz (1973) found th at young individual plants form a considerable proportion of herb layer biomass in late autumn, the m ajority of their production taking place during the following year. The density of different species varies not only seasonally, b u t also in successive years. Differences apply not only to the maximum number of individuals and the course in time of the density curve, b u t also in the average length of life of individuals and their average weight. In two successive years of study on Oxolis acetosella, in one year there was only one peak of abundance on August 1st, b u t in the second year the curve had three culminations, the greatest occurring on 10th July. P art of the population survived the winter, in 1973 a far greater number of individual plants entering the over-w intering period than in the preceding year. The combined am ount of production of all species taken into consideration in the studies occurred in three successive years in ratios of 1.00 : 2.16 : 2. 36 . Aulak (1976) considers th a t th e cause of the above lies in differences in the distribution of certain environm ent param eters (e.g. am ount of precipitation).
In the light of the foregoing findings as to development and production dynamics of the herb layer, an attem pt may be made a t interpreting one of the causes of the annual distribution observed of consumption by roe deer of different species of plants (section 4.4) . Species characterized by a short growing period and one peak of abundance occur for a short time only in the animals' diet, and their m axim um proportion occurs during the flowering period (Anem one nemorosa). Species w ith a longer growing and production period occur in the roe deer's diet throughout the whole growing season and are characterized by several percentage maxima (grasses and sedges, Fragaria vesca, Viola sp., Rubus sp. ) . Species of which part of the population survives the w inter are consumed in late autumn, during w inter thaw s and the pre-spring period by roe deer in large amounts (O ralis acetosella, Vaccinium m yrtillus, Fragaria vesca, grasses and sedges). Annual species, growing in spring and dying after producing seeds, form a far greater proportion of the animals' diet in early sum m er (M elam pyrum nemorosum).
The differences observed in the percentage of contacts in 1977 and 1978 may have been due on the one hand to the succession taking place in the wooded clearing the year before the studies began (Fragaria vesca -increase in percentage from 4.2 to 7.9*/o, Rubus sp. from 6.0 to 10.6®/o, Viola sp. from 7.0 to 12.8*/o) and on the other hand may be connected with variations in production in successive years. This applies chiefly to species occurring abundantly and consumed in the old tree stand, only slightly subject to succession (e.g. Oxalis acetoselladecrease in percentage in successive years from 26.2 to 12.5®/o).
The above rem arks indicate how necessary it is to approach these problems more thoroughly than has been the case up to the present, as connected with definition of food resources calculated from the bio mass of plants available to the animals. This biomass varies in quality in seasons, biotopes and years, and in the case of different species of plants.
In Halls' opinion (1970), the composition of the anim als' diet is determ ined by w hat are known as the anim al's food requirem ents, consumption of the minimum am ount of food components being a basic condition for optimum functioning of the organism. A measure of the nutritive value of food is its digestbility and chemical composition (Barnes, 1965). These two param eters have a decisive influence on the anim als' food preferences in relation to different plants and their parts.
In order to live the roe deer requires food, at least 58®/o of which can be digested (Drożdż, 1979) , but the digestibility of plants varies very greatly over the course of the year. It is greatest in spring (this applying to both ligneous and herb plants) and decreases with the passage of time. Only certain herb plants retain their digestibility on a high level throughout the whole growing season (Oxalis acetosella and Mycelis muralis). Very generally speaking, plants are highly digestible in spring and summer, and have a low degree of digestibility in autum n and winter.
As digestibility of ligneous plants does not exceed 35®/o in autum n and w inter, roe deer may suffer from digestible energy starvation. In Halls' opinion (1970) this type of starvation is the most common deficiency in the diet of rum inants. The most im portant task facing the animals during this time is to obtain food of m aximum digestibility. The results obtained in the present study revealed a transitional decrease lasting up until the first snowfalls, in the roe deer's feeding on ligneous plants during the late autum n period, at which time consumption of Oxalis acetosella m arkedly increased. As shown by Drożdż (1979) , digestibility of ligneous plants abruptly decreases after the leaves fall. It may there fore be concluded th a t roe deer feeding on herb plants supplem ent insufficiency of digestible energy. This is also shown by the fact that roe deer feed on O. acetosella during periods of winter thaw. Unfor tunately no data have been encountered in literatu re on the digestibility of herb plants during the winter. During both the present studies, and studies made by other authors (Crawford, 1969 ; Ldsekrug, 1978) roe deer were found readily to feed on fallen dry leaves of trees and bushes of many species. Although their digestibility is similar to th at of browse (about 39°/») nevertheless, as Drożdż (1979) states, they are rapidly digested and therefore quickly pass through the alim entary tract, which is also one of the ways in which roe deer satisfies its energy requirem ents during w inter.
The food situation of roe deer in spring and summer is completely different. Plants contain the m aximum am ount of nutritive substances and are most digestible for roe deer during the period of their growth, that is, in spring and summer. During this time the digestibility of browse is about 64% and in the case of herb plants even exceeds 80% (Drożdż, 1979 ). This value is thus far higher than that required by these animals, and it m ust therefore be concluded th at during this time digestibility plays a subordinate role in the animals' choice of diet. That this is so can be concluded from reports made by different authors explaining the reasons for the roe deer's preference for given plants or parts of plants. This was most decidedly stated by Hum phrey (1962), who concluded th at "preference is not in conformity with nutritive value" . Crawford (1969) states th a t if part of a plant is intensively cropped but poorly digested, it cannot be considered as a valuable component of the anim als' diet, unless it supplies a basic dietetic element required by the animals in small quantities. Researchers often record cases of deer feeding on plants with negligible nutritive value, but characterized by a considerable am ount of smell and taste substances (Esser, 1958 ; Bubenik, 1959) . There are thus grounds for concluding that it is also active bodies, i.e. organic compounds with high biological activity, which cause the animals to consume such plants. These substances (tannins, alkaloids, glycosides, etheric oils, gentians, resins, organic acids, carotins and vitamins) on the one hand increase the taste value of food (Rice & Church, 1974) , and on the other constitute an im portant addition in the anim als' diet, acting on the animals' organism in a specific way : nutritive, prophylactic, curative or poisonous (Pola kowska, 1977) .
A large number of cases have been found in this study of particularly intensive feeding by roe deer on plants during the period of their flowering or fruiting. During the spring-sum m er season the generative parts of plants form about 33% of the anim als' diet. It has also been shown th a t roe deer prefer flowering plants from among the infertile individuals of Anemone nemorosa and 0.xaiis acetosella (Section 4).
A part from the high concentration of active bodies, during the flower ing period the plant is most digestible and contains the highest con centration of nutritive substances. It should not therefore be concluded that it is solely the level of active bodies which determ ine the roe deer's preference for plants during the generative phase. Nevertheless, in spring roe deer have at their disposal a large num ber of herb and ligneous plants both highly digestible and nutritive, even though not passing through generative phases. It may therefore be assumed that the high concentration of given specific active substances contained in flowers and fruits is the chief (although not the only) reason for the occurrence of the preference described.
A tendency which predominates in studies on the food of deer is to search for one constant factor (reasons for preferring a plant) which is to determ ine the extent to which the animals make use of the plant. Authors consider this to be either digestibility or the contents of given plants. Approaching the problem in this way leads to contradictory results and consequent to the discussion so often encountered in literature. The food consumed by the animal is in fact the result of what the biotope has to offer and w hat the animal requires. Both biotope and animal are highly variable. The num ber of individual plants and species of available plants vary, the plant itself is also variable, and the anim als' requirem ents vary. W hat is constant is the condition that the organism m ust obtain suitable food within a suitable time. It is to comply w ith the above condition th at the food preferences of the animals vary. The term itself "food preference" is apt to be used in too wide a sense. It m ust be emphasized th a t the roe deer does not prefer plants as food. They are animals, as herbivores, adapted to feeding on them. They therefore consume plants, chiefly those which they find in suf ficient quantities. Preferences only appear when composing their diet as a whole from the plant elements available, and determ ine which of them, in which quantities and at w hat time, they are included in its composition, and in effect form a picture of food relations.
The organism conveys the message of its requirem ents physiologically and by means of the senses, and the anim al in feeding satisfies them. In w inter there may be a lack of digestible protein, causing a state of starvation, and in spring there may be an excess of protein causing disturbances in digestion. In both cases a different type of preference serves to satisfy requirem ents. In w inter this will be a preference for food easily and quickly digested, and in spring a preference for food containing tannins and ballast substances. The existence of one, and one only, constant in time, "reason for preference" would lead to disaster for the organism.
Consideration as a whole of the trophic situation of roe deer led to the following conclusion: The picture of the food relations of roe deer is the resultant maintained in a state of dynamic equilibrium , of habitat abiotic and biotic elements variable in time and space, and of the equally variable requirem ents of these animals. The sole function of food pre ferences is to m aintain this dynam ic equilibrium. The factor determ ining the shaping of food relations always consists in the currently prevailing food resources. 44 
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C ało ść d a n y c h (121.706 k o n ta k tó w ) z e b ra n o w listę flo ry s ty c z n ą (T a b e la 2). S to p ień k o rz y s ta n ia p rz e z s a rn y z d o stę p n e g o im ż e ru o k re ś lo n o w o p a rc iu o p o ró w n a n ie w a rto ś c i w sp ó łc z y n n ik a o b fito śc i ro ś lin y i je j u d z ia le w k o n ta k ta c h p o b r a n y c h w d a n e j k la s ie w ie k u d rz e w o s ta n u (T a b e la 4). Ł ąc z n ie n a b a d a n y m te r e n ie s tw ie rd z o n o w y stę p o w a n ie 155 g a tu n k ó w ro ś lin , z czego w p o k a rm ie s a r e n z n a lazło się 97. G a tu n k i w y s tę p u ją c e lic z n ie lu b m a so w o w p rz e w a ż n e j części w c h o dzą do d ie ty s a r e n (T ab ela 5). W iększość g a tu n k ó w z k tó r y m i w d a n e j k la s ie w iek u n ie z a n o to w a n o k o n ta k tó w , m a ją n is k i w sp ó łc z y n n ik o b fito ści. W śró d ro ś lin w y s tę p u ją c y c h liczn ie a n ie je d z o n y c h w d a n e j k la s ie w ie k u d rz e w o s ta n u , p r z e w a ż a ją te , z k tó r y m i n a c a ły m b a d a n y m te r e n ie n ie n o to w a n o k o n ta k tó w . C h a r a k te ry s ty c z n e d la sto su n k ó w p o k a rm o w y c h s a r e n w le sie m ie sz a n y m św ie ż y m je s t, iż p o p y t o k re ś lo n y je s t p rz e z p o d a ż (70-90% k o n ta k tó w d o ty c z y ło g ru p y ro ś lin z g ry z a n y c h p ro p o rc jo n a ln ie d o w y stę p o w a n ia ). G a tu n k i o k tó r y c h m o żn a sądzić, że p o p y t n a n ie je s t w y ż szy od p o d a ży s ta n o w ią 8-24% k o n ta k tó w .
C y k l ro c z n y ż e ro w a n ia sa re n ro z p a trz o n o w 19 o k re s a c h ż e ro w y c h (T a b e la 7).
R o ślin y d rz e w ia s te m a ją n a jn iż sz y u d z ia ł w d iecie s a r e n w c z e sn ą w io sn ą , la te m s ta n o w ią p o n a d je j p ołow ę a zim ą, p r 2y z a le g a ją c e j p o k ry w ie śn ie ż n e j -p ra w ie 100°/® (R yc. 1). Z im o w e o d w ilże p o łą c z o n e ze z n ik a n ie m śn ie g u w y w o łu ją d ra s ty c z n y s p a d e k ż e ro w a n ia s a re n n a ro ś lin a c h d rz e w ia s ty c h n a k o rz y ść ro ś lin zieln y ch . R o ślin y zieln e d o m in u ją w p o k a rm ie s a r e n od k o ń c a k w ie tn ia d o p o ło w y lipca, w p ó ź n ie jsz y c h o k re s a c h ich u d z ia ł m a le je , b y po p o ja w ie n iu się s ta łe j p o k ry w y ś n ie ż n e j sta n o w ić je g o z n ik o m ą część. T ra w y i tu rz y c e o ra z g rz y b y z ja d a n e są g łó w n ie w io sn ą i je sie n ią .
O m ó w io n o sk ła d ilościow y i ja k o ś c io w y d ie ty s a r e n w c y k lu ro c z n y m . P rz e d sta w io n o p rz e b ie g i c h a ra k te ry s ty k ę ż e ro w a n ia s a r e n n a w y b ra n y c h g a tu n k a c h ro ślin .
